A major initiative of the Obama administration is the continued deployment of electronic medical records throughout the health care system of the United States, and an important component is the demonstration of meaningful use. The institution of electronic medical records often has the accompanying benefit of computerized physician order entry (CPOE). In addition to decreasing transcription error that may occur when physician orders are translated and entered by unit clerks or other health care professionals, CPOE, in conjunction with clinical decision support tools (CDSTs), offers the opportunity to present real-time information to the provider that can alter decision making.
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It is clear that unnecessary and wasteful practices in medicine add cost to an already strained health care system. [1] [2] [3] When a thorough retrospective review is undertaken, many Upon completion of this activity you will be able to:
• outline ways that the use of computerized physician order entry (CPOE) can afford the opportunity to interact with clinicians at the time of order entry through clinical decision support tools (CDSTs).
• describe how a CDST, such as the one used in this study, can avert thousands of unnecessary duplicate tests and save thousands of dollars without interruption of patient care.
• list the various factors that can make an intervention of CPOE and CDSTs possible and sustainable.
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laboratory tests performed during a patient care episode may be unnecessary. Thereby, the value and associated cost of the test in the diagnostic or management process may be determined. Duplicate testing, although valid in some instances, is often unnecessary. This, in our experience, is often performed because the second ordering physician is unaware of the existing order. Duplicate laboratory tests have several potential untoward affects. These include pain associated with the additional phlebotomies; the contribution toward iatrogenic anemia, which in turn affects wound healing and infection; and increased health care costs accrued through specimen collection, transport, testing, resulting, and the clinical response to the result. 4, 5 Finally, tests with less than 100% specificity all have a false-positive rate. False-positive test results must be addressed and may lead to unnecessary additional testing, which have further implications with respect to patient safety and increased health care costs. The Cleveland Clinic has fully implemented CPOE. Therefore, we examined the possibility of using a CDST to alert the ordering physician of duplicate test orders. The earliest form of this CDST that we tried allowed the physician to bypass the alert and continue to place the duplicate order, if he or she desired (ie, a soft stop). Two pilot projects were performed that examined this type of CDST intervention (data not shown). It proved effective in decreasing redundant orders for expensive molecular diagnostics tests that were ordered by specialists on select patient populations (eg, quantitative cytomegalovirus and Epstein-Barr virus polymerase chain reaction [PCR] in transplant recipients). However, it proved ineffective for stopping duplicate test orders for routine assays (eg, Clostridium difficile PCR). The Test Utilization Committee of the Cleveland Clinic, therefore, proposed to the medical leadership of the institution to change the CDST so that unnecessary duplicate test orders would be completely blocked for select tests (ie, a hard stop). The impact of this intervention with respect to financial savings was monitored for 2 years. We also reviewed patient safety records for the first year following implementation.
Material and Methods

CDST
The Cleveland Clinic uses Epic (Epic, Verona, WI) as the hospital information system and Sunquest (Sunquest, Tucson, AZ) as the laboratory information system. The CDST that was designed consisted of an immediate electronic notification alert that a same-day duplicate test was being ordered (ie, a pop-up box) ❚Image 1❚. In addition, the alert was configured to display the most recent result for the order that was being attempted, if available. This latter feature has been particularly appreciated by the users. This CDST had to be evaluated extensively in the test environment prior to implementation. Challenges encountered during testing included dealing with a single duplicate test when multiple tests were ordered simultaneously (ie, the duplicate test was within an order set) and standardizing the use of exclusion codes used by laboratory processing personnel, so that when duplicate tests were necessary because of broken tubes or other specimen collection/transport issues, the CDST tool would not be activated (ie, a duplicate would be appropriate in those instances).
Notification, Feedback, and Implementation
This study was reviewed by the Cleveland Clinic Institutional Review Board. The program was introduced to the medical staff following approval from Medical Operations and the institutional leadership. It was introduced via a common home page used by all physicians at our institution. The initial phase of the rollout consisted of a pilot of 13 tests. Feedback was sought from the entire medical staff concerning the project and the tests for which the CDST would be used prior to initiation. Feedback was used to modify the test list by one test due to valid practice differences that were not considered initially. The second phase of implementation consisted of adding 77 tests to the activation list. The final phase consisted of implementing the CDST on the remaining tests in the entire orderable test menu for which it was deemed medically appropriate. This list was too extensive to vet with the entire medical staff, so it was reviewed by all physician members of the Test Utilization Committee and the most conservative consensus was used. The final hard stop list consisted of 1,259 tests that would not be allowed more than once per day.
❚Image 1❚ The hard stop clinical decision support tool (CDST) informs the provider that the test being ordered is a duplicate that is not usually warranted more than once per day. It also provides the most recent result for this test. A nonelectronic means to override this test is provided, but it will necessitate a telephone call to Client Services. Note: This is a mock-up of the hard stop CDST; the patient and physician information is construed and does not represent actual individuals.
A method was devised to allow for a physician to bypass the blocked duplicate order and still place the order, if he or she felt strongly that a duplicate test was necessary. This was done to ensure that this intervention could in no way interfere with patient care. The clinicians who wanted to override the hard stop were required to call our Client Services area and provide their name, the duplicate order request, and the reason they needed the duplicate test. These interactions were recorded and a monthly report was generated.
Monitoring
The number of times the hard stop CDST was activated and the types of tests for which it was activated were recorded each month. The internal laboratory costing and timing data, known for each laboratory test, were used to calculate the cost avoidance to the system for not performing these unnecessary duplicate orders; this included materials and labor. We did not capture cost savings associated with decreased phlebotomy or specimen collection by other health care providers, specimen transport, specimen accessioning, specimen processing, or the time needed for the health care provider to review and possibly act on the test results. Therefore, although we believe the laboratory cost avoidance data to be accurate, there was likely a larger cost avoidance to the system that was more difficult to quantify.
We monitored activity for untoward complications. One author (G.W.P.) was the contact for any complaints. In addition, the Cleveland Clinic uses the Safety Event Reporting System (SERS) to archive and report untoward events and injuries. We reviewed the SERS database for the first year following implementation to determine if there were any untoward events or patient safety concerns associated with this project.
Results
In total, 11,790 unnecessary duplicate orders were blocked by the hard stop CDST in 2 years of activity (2011 and In addition, the total number of attempts to order duplicate tests is listed; the great difference between the total attempts to order duplicate tests and the initial attempt suggests the physician is not reading the alert, which supports the notion of clinical decision support tool fatigue (ie, pop-up fatigue). The number of duplicate laboratory tests that were permitted is listed, and the difference between this and the initial duplicate order attempts represents the actual laboratory orders permitted. The mean cost per laboratory test avoided, the monthly cost savings, and the accumulated cost savings are given, as well as the totals. b Total laboratory orders prevented: 2011, n = 5,340; and 2012, n = 6,450.
There has been support of this initiative from the medical staff. During the final phase of implementation, there were only two instances when clinicians reported that they felt the CDST was inappropriate for a particular test. Those complaints were deemed valid, and the tests in question were removed from the hard stop test list.
The retrospective review of the SERS database for the first year following implementation demonstrated that there were no untoward events or patient safety concerns associated with this project.
Discussion
The annual cost of health care in the United States has consistently exceeded the annual growth of the gross domestic product since 1965. 6 ❚Figure 1❚ The total number of times the hard stop alert fired (blue line), the number of times it initially fired (red line), and the number of override requests made to Client Services (purple line). The number of actual duplicate tests averted (green line) is the difference between the number of initial alerts (red line) and the override requests (purple line). The great difference between the initial firing of the alert and the total attempts made for a particular test (blue line) suggests the physician is not reading the alert, which supports the notion of clinical decision support tool fatigue (ie, pop-up fatigue).
❚Figure 2❚ Monthly and cumulative cost savings achieved using this automated clinical decision support tool.
alarming rate, with the implementation of new and expensive diagnostics and interventions. Although many of these tests and procedures are lifesaving, it has been estimated that more than $6 billion of the annual expenses for medical care in the United States are spent on tests and/or procedures that are unnecessary. 7 Many studies have demonstrated great variation of the use of laboratory testing between different health care providers for similar diseases, which suggests there is waste in the system. [8] [9] [10] [11] [12] More important than the impact of unnecessary tests and procedures on financial considerations, in some instances, these may result in patient harm. 7 A review of this literature demonstrates not only the serious need to control unnecessary testing but also the need for evidence-based best practices for the appropriate use of these diagnostic tools.
The Test Utilization Committee at the Cleveland Clinic is a multidisciplinary task force that reports to and is supported by institutional leadership. This structure affords the opportunity for participation from all interested staff members from all departments, which ensures the engagement of participants. The activities of the committee are approved by institutional leadership, and the results of interventions are monitored and reports are provided, which is similar to other models that have been demonstrably effective. 1, 13 Kim et al 1 provide an excellent review of their 10-year test utilization experience in a major urban academic medical center, wherein similar and other tools were employed. Through these active interventions and support from institutional leadership, their group was able to save millions of dollars in blood components and reduce the amount of inpatient testing by 26%. Their approach and ours provide opportunities for input and communication from end users, as well as obtaining support and guidance from institutional leadership.
An evaluation of the causes of unnecessary, same-day duplicate orders by our Test Utilization Committee disclosed that duplications occur for a variety of reasons. One important reason was that some caregivers considered themselves too busy to review the pending order list for each patient. Admittedly, navigation from the routinely used ordering screen to check for pending orders does take additional steps. These providers also informed us that they were more likely to simply place the orders they needed, with the supposition that the laboratory would find and ameliorate duplicate requests. Although laboratory technologists may occasionally intercept duplicate test orders, using them to detect and eliminate redundant tests would be a gross misappropriation of these valuable human resources.
Therefore, given this understanding, and knowing that it has been estimated that physicians control as much as 80% of the cost in the health care system, we decided to use a CDST in conjunction with CPOE to intervene directly with the physician in a reasonable way to control cost. 14 In addition, we wanted to intervene before the specimen was collected, since intervention in the laboratory would not help avert unnecessary phlebotomy and its sequelae or save on specimen collection/transport costs.
We first studied the effects of an electronic notification of the presence of a duplicate test order as a means to reduce unnecessary testing. These pilot projects demonstrated that if the provider were given the option of continuing with an inappropriate duplicate order, this would occur often, particularly for a routine test. In addition, a detailed analysis of order entry patterns during the implementation of the hard stop CDST showed that in many instances, providers would try multiple times to place the same duplicate order without calling Client Services, which suggested that they were not reading the alert.
Electronic order entry and the electronic medical record represent significant advances in medical care. However, systems that do not clearly show pending orders may be associated with ordering patterns that are excessive and costly. Electronic notification of duplicate orders through a CDST, as we have described, is possible in some of these systems. Our findings suggest that a substantial number of unnecessary, redundant orders may be blocked with such a CDST and that significant health care costs may be saved with no untoward effects on patient care. This project resulted in the avoidance of 11,790 unnecessary same-day duplicate orders within 2 years, which resulted in a cost avoidance of $183,586. There were no SERS events or significant complaints associated with this project.
We believe this initiative was successful for several reasons. Foremost, the Test Utilization Committee has broad representation from multiple disciplines. All members are focused on best practice and optimal test algorithms for patient care and not on cost reduction. The recommendations from this group were thereafter discussed with senior medical leadership, so as to pilot a systemwide change. Support of medical leadership was essential, as was found by Kim et al. 1 The partnership with leaders and technical experts in informatics to design, test, and implement the suggested interventions was the next most important step. The thorough assessment of the CDST in the test environment was critical to discover anomalies prior to a true rollout, since these anomalies, when present in the clinical environment, frustrate users and diminish support for the project. These assessments also uncovered inefficiencies in the clinical laboratory that required attention prior to implementation. The solicitation of feedback from the medical staff, as well as the ability to remove tests from the hard stop list in a prompt manner, was also useful for initial and continued support for this project. The collegial and nonconfrontational interactions when requests were made to remove a test from the hard stop list maintained good working relationships between this team and the medical staff. The cost savings associated with this project is the most easily measured metric, in contrast to anemia and patient satisfaction, which are determined by many factors. Although it is more difficult to quantify the amount of blood not drawn and the patient satisfaction associated with fewer phlebotomies, we believe these are important benefits of this initiative. Finally, the indirect measures of safety, as evidenced by a lack of complaints concerning these interventions and the review of SERS events that showed no events related to this intervention, support that this intervention was safe as well as effective.
The appropriate use of clinical laboratory tests remains the concern of all health care providers. The resources spent on unnecessary testing could be better used throughout the system, such as for better care of patients with chronic diseases. The initiative described represents a consensus-based approach to the limitation of unnecessary, same-day duplicate test orders that may be employed elsewhere, particularly in hospitals using the same information system. The automated nature of the system requires minimal maintenance and provides automated and consistent interventions. We encourage the formation of multidisciplinary test utilization committees in hospitals and health care systems where they do not exist.
